Viral vascular endothelial growth factors vary extensively in amino acid sequence, receptor-binding specificities, and the ability to induce vascular permeability yet are uniformly active mitogens.
Infections of humans and ungulates by parapoxviruses result in skin lesions characterized by extensive vascular changes that have been linked to viral-encoded homologues of vascular endothelial growth factor (VEGF). VEGF acts via a family of receptors (VEGFRs) to mediate endothelial cell proliferation, vascular permeability, and angiogenesis. The VEGF genes from independent parapoxvirus isolates show an extraordinary degree of inter-strain sequence variation. We conducted functional comparisons of five representatives of the divergent viral VEGFs. These revealed that despite the sequence divergence, all were equally active mitogens, stimulating proliferation of human endothelial cells in vitro and vascularization of sheep skin in vivo with potencies equivalent to VEGF. This was achieved even though the viral VEGFs bound VEGFR-2 less avidly than did VEGF. Surprisingly the viral VEGFs varied in their ability to cross-link VEGFR-2, induce vascular permeability and bind neuropilin-1. Correlations between these three activities were detected. In addition it was possible to correlate these functional variations with certain sequence and structural motifs specific to the viral VEGFs. In contrast to the conserved ability to bind human VEGFR-2, the viral growth factors did not bind either VEGFR-1 or VEGFR-3. We propose that the extensive sequence divergence seen in the viral VEGFs was generated primarily by selection against VEGFR-1 binding.